How does HIV-1 Infect Host Cell? 



http://www.udel.edu/chenVbahnson/chem66...oes%20HIV- 1 %20Infect%20Host%20Cell.html 



How does HIV-1 infect a host cell? 



HIV infects the T helper cell because it has the CD4 receptor 
and the chemokine receptor on its surface. In order for HIV-1 
to infect the cell it requires fusion of viral and cellular 
membranes. Membrane fusion is mediated by the viral envelope 
structure of gpl60. Gpl60 forms a homotrimer and undergoes 
glycosylation within the Golgi apparatus. It is then cleaved by a 
cellular protease into 

gpl20 and gp41. Gp41 contains a transmembrane domain and 
remains in a trimeric configuration. Gpl20 contains most of the 
external domains of the envelope glycoprotein complex. 
(Kwong et al) 

Gpl20 interacts with the CD4 receptor and a chemokine 
receptor on the cell. Once gpl20 interacts the upper segments 
of gpl20 change configuration to allow fusion proteins to open 
and be inserted into target membrane to form prehairpin 
intermediate. Click here to see a PDB of 3-D structure of HIV-1 gp!20, 
complexed to CD4 and a neutralizing antibody. You must have CHIME 
plug-in or can download it. 
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Figure taken from D'Souza MP et al 

A) gpl20 interaction with chemokine receptor and CD4 receptor. 

B) Conformational change occurs and the fusion peptides of the 
gp41 become inserted into the cell membrane (prehairpin 
intermediate). C- and N- helices exposed but not yet associated 
with one another. 

Prehairpin intermediate resolves to the fusion active hairpin 
structure when the C and N peptides interact creating the trimer 
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of hairpins structure in gp41. 
Figures below taken from Root et al 
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Trimer-of-hairpins structure of gp41 Root et al 
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Trimer of hairpins structure consists of an outside coil and an 
inside coil. Outside coil is 3 alpha helices formed by C-terminal 
regions of gp41 molecules packed anti-parallel against inside 
coil. The inside coil is a 3 stranded coiled coil formed by 
N-terminal regions of gp41 molecules. 
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The envelope glycoprotein, gpl 60, of simian immuno- 
deficiency virus (SIV) shares 25% sequence identity 
with gpl 60 from the human immunodeficiency virus, 
type I, indicating a close structural similarity. As a re- 
sult of binding to cell surface CD4 and co-receptor ( 
CCR5 and CXCR4), both SIV and human immunodefi- 
ciency virus gpl6Q mediate viral entry by membrane 
fusion. We report here the characterization of gpl60e, 
the soluble ectodomain of SIV gp 1 60. The ectodomain 
has been expressed ui both insect cells and Chinese 
hamster ovary <CHO)-Lec3.2.8.1 cells, deficient in en- 
zymes necessary for synthesizing complex oligosaccha- 
rides. Both the primary and a secondary proteolytic 
cleavage sites between the gp120 and gp41 sub units of 
gpl 60 were mutated to prevent cleavage and shedding 
of gpl20. The purified, soluble glycoprotein is shown to 
be trimeric by chemical cross-Unking, gel filtration 
chromatography, and analytical ultracentrlfugatton. It 
forms soluble, tight complexes with soluble CD4 and a 
number of Fab fragments from neutralizing monoclonal 
antibodies. Soluble complexes were also produced of 
enzymatically deglycosylated gpl60e and of gpl60e vari- 
ants with deletions In the variable segments. 

The SIV 1 and HIV envelope glycoproteins, known as gpl 60, 
bind to cell surface receptors, effect cell entry by fusion of viral 
and cellular membranes, and as major surface antigens, induce 
neutralizing antibodies in the host. gpl 60 is synthesized as a 
single chain precursor, which is cleaved after oligomerization 
by furin, or a similar enzyme, into the two chains gpl 20 and 
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gp41. Cleavage occurs during transport to the plasma mem- 
brane (1, 2). In the cleaved gpl20/gp41 molecule, gpl 20 and 
gp41 are associated noncovalently. The gpl20 polypeptide con- 
tains the binding sites for the receptor CD4 (3-5) and the 
chemokine binding co-receptor (6-10). gp41 contains an N- 
terminal nonpolar fusion peptide, a nonpolar tnmsrnembrane 
anchor, and a C-terminal cytoplasmic domain (11-13). 

The interaction of the gpl 20 polypeptide of gpl20/gp41 with 
CD4 causes a conformational change in the viral glycoprotein, 
inducing altered antibody reactivity, increased proteolytic sus- 
ceptibility, and the tendency in some viral strains for gpl 20 to 
dissociate from gp41 (14-16). The conformational change 
caused by CD4 binding apparently increases the affinity of 
gp 1 20/gp4 1 for the chernokine-binding co-receptor (17-1 8). In- 
teraction with the chemokine receptor activates the membrane 
fusion activity of gpl20/gp4 1 , probably by triggering a confor- 
mational change in gp4 1 . This change is likely to expose the 
N-terrnina] fusion peptide and to refold gp41 into a helical 
hairpin, thereby placing the fusion peptides and transmem- 
brane anchors of gp4 1 at the same end of a rod-shaped molecule 
(19-24). 

There is a formal similarity among the SIV and HIV-1 gpl 60 
glycoproteins, the envelope glycoproteins of other retroviruses 
such as Moloney murine leukemia virus, and HTLV- 1 , the Gp 
glycoprotein of filoviruses, and the hemagglutinin (HA) of in- 
fluenza virus. Each is synthesized as a single chain precursor, 
which after cleavage results in an N-tenrrinal subunit (gpl 20, 
SU, Gpl , HA1) with receptor binding activity and a C-terminal, 
niembrane-anchored subunit (gp41, TM, Gp2, HA2) having a 
nonpolar, gh/cine-rich N-terrnina] fusion peptide followed by 
heptad repeats characteristic of -helical coilcd-coils (reviewed 

in Reft. 25 and 26). Evidence suggests that these viral glyco- 
proteins are all trimeric (27-32), although some early studies 
proposed dirncrs or tetramers for gpl 60 (33-35). In each case, 
the N-terrninal subunit (gpl 20, SU, Gpl, HA1) is monomelic 
when prepared in the absence of the transmembrane subunit, 
but oligomeric in its presence (36, 37). The C-terminal subunits 
are all trimeric when expressed in the absence of the N-termi- 
nal polypeptides, and they adopt similar structures dominated 
by an N-tenrrinal, central triple-stranded -helical coiled-coil 
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and an outer layer of three helices or extended strands packing 
antrparallel along the central coiled-coil and connected to it by 
a loop with a reverse (reviewed in Rcf. 26). 

The three-dimensional structure of an enzymaticaity degty- 
cosytated fragment of monomelic gpl20 from HIV- 1, with the 
variable segments VI, V2, and V3 deleted, along with 52 resi- 
dues at the N terminus and 19 at the C terminus, has been 
determined by x-ray crystallography. The crystals contain a 
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complex of truncated gpl 20 with a two-domain fragment of 
CD4 and an Fab fragment from the monoclonal antibody 17b 
(38). This structure contains about 60% of the gpl 20 residues 
(39, 40). It is in the CD4-induced conformation, which has 
enhanced affinity for the monoclonal antibody 1 7b (41). The 
structure of the gpl 20 trimer has not been determined, al- 
though it has been modeled (42), and the conformation of gpl 20 
as it would appear on virus before CD4 binding is currently 
unknown. 

We report the development of expression systems using in- 
sect and mammalian cells for production of soluble, oligomeric 
ectodomain, gpl 60c, from the SIV envelope glycoprotein. Puri- 
fied oligomers are shown to bind CD4 and Fab fragments of 
neutralizing monoclonal antibodies. Experiments show that 
the molecule is trimeric. These observations should facilitate 
biochemical and structural characterization of the viral glyco- 
protein in its native, oligomeric form. 

EXPERIMENTAL PROCEDURES 

SIVgpI60e Expression in CHO Cells- SIVgpl60e from the SIV 

strain Mac32H pJ5 (43) was expressed in CHO-Lcc3. 2.8.1 cells using 
the expression construct pSIV-M (44) following a procedure described 
previously (45). Briefly. 20 gof Sal I-linearized pSIV-M DNA was 

trans fected into (he Lec3.2.8. 1 cells by calcium phosphate precipitation 
(Stratagenc). Transfbrmants were selected tn GMEM medium (Life 
Technologies, Inc.) containing 25 m methionine sulfoximine and as- 

sayed for secretion of soluble SIV gpl60e by enzyme-linked immunosor- 
bent assays. Immulon plates (Dynatech Laboratories Inc.) were coated 
with ami-SIV ENV monoclonal antibody KK19 (46) by incubating a 4 
g/m] sortition overnight at 4 °C; the plates were then blocked with 1% 
bovine serum albumin in PBS at room temperature for 2 h. Cell culture 
supernatant (50 1) from each transformed clone was added to the 

plates and incubated overnight at 4 °G The plates were washed with 

0. 1% bovine scrum albumin in PBS and incubated with 0.2 g/ml 

biotinylated mAb KK4 1 (47) for 2 h at room temperature. After washing 

again, the plates were developed with horseradish peroxidase-conju- 

gated streptavidin (Sigma). The highest expressing cells were chosen 

for resc reeling with the same assay. The expression of SIV gpl60e was 

also confirmed by munmwprecipitation. Large scale production of SIV 

gpl 60c was carried out following the protocol previously described (45) 

in 175-cm 1 tissue culture flasks or 850-<m 1 roller bottles (Corning). 

The protein expressed from pSIV-M in Lec3 2 8 1 cells was found to 
have two N termini (sec Fig. I). To produce SIV gpl 60c variants with 
the VI, V2, and V3 (gpl60e (VI V2V3)) or just the VI and V2 
(gpt60e (VI V2)) segments deleted and a corrected N terminus in the 
Lcc3 2.8, 1 cells, a shorter version of the tissue plasminogen activator 
leader sequence was fused with the N terminus of SIV gpl 60. pSIV-M 
was amplified by PCR with primers BC-16 (5 -TAGTCTCATTGACCA- 
TGTCT-3 ) and BC-45 (5 -GCTGTGTGCTGCTGCTGTGTGGAGCAGT- 
CTTCGmCGCCCAGAGCTAGCACTCAATATGTCACAGTC-3 ). The 
resulting 424-bp PCR product was gd-purified and reamplified with 
BC-16 and BC-44 (5 •GCTCTAGAAGGGACGCTGTGAAGCAATCATG- 
GATGCAATGAAGAGAGGGCTCTGCTGTGTGCTGCTGCTGTGT-3 ) 

to give a 477-bp fragment, which was subsequently digested with Xba I 

and Nsi I and gd-purified. This fragment was ligated with a 1 ,4-kb 

Nsi I- Eco RI fragment from pFBSIV VI V2 (see bdow) or a l.4-kb Nsi I- 

Eco RI fragment from pFBSIV VI V2V3 (see bdow) and then cloned into 
pE£14 (48) digested with Xba land Eco RI to generate pNES9 VI V2 

and pNESl Vt V2V3, respectively. Expression ofpNES9 VI V2 and 
pNES 1 V 1 V2V3 followed the same procedure except (hat transfbr- 
mants were were screened with afferent mAbs, as mAb KK9 (46) and 

bwtinylaied mAb KK4 1 used for pNES9 V I V2. mAb 2C3 1 arJdbkjtiny- 



gp 1 60e coding sequence. The PCR product was digested with Ba 
and Eco RI gel-purified, and cloned into pMclBac (Invitrogen) to gen- 
erate an intermediate construct pBacSIV-5, which was sequenced using 
primers BC-1, BC-2. BC-6 (5 -CACCAACGGCAGCATCAA-3 ), BC-7 
(5 -AGATGTAATGACACAAAT-3 ). BC-8 {5 -AAATTGGAAGGATGCA- 
AT-3 ), BC-9 (5 -GAGACCTCACGTGTAACT-3 \ BC-10 (5 -GTGCAG- 
CAACAGCAACAG-3 X and BC-16 to verify the entire sequence of SIV 
gpl 60c open reading frame. pBacSIV-5 was then amplified using prim- 
ers BC-1 4 (5 -TTTATGGTCGTATA(>TTTCTTACATCTATGCGACTC- 
AATATGTCACAGTC-3 ) and BC-16. The resulting PCR product was 
reamplified by BC-1 3 (5 -CGCGGATCCATGAAATTCTTAGTCAACGT- 
TC<XXXTGTTTTTATGGTCGTATACATT-3 ) and BC-16 to produce a 

447-bp fragment, which was digested with Bam HI and Nsi L gel-pa 

tied, and designated as fragment 1. This fragment allows fusion of die 
N terminus of SIV gpl 60e and the honeybee mcMum secretion signal 

sequence. pBacSIV-5 was digested with Nsi I and Nco I and gd-purified 

to give a 1 .5-kb fragment, designated as fragment 2, which encom- 
passed a major portion of SIV gpl 60c open reading frame. To introduce 
a bistidine tag at the C wminus of SIV gpl 60c, a 757-bp PCR product 
was amplified using pBacSI V-5 as template and BC-9 and BC-24 (5 - 
CCGGAATTCTCAATGATGATGATGATGATGAGTGCGACCTTCGAT- 
TTGT AT ATACTTT ATCCAAG A-3 ) as primers and digested with 
and Eco RI, gd-purified, and designated as fragment 3. Fragments 1, 2, 
and 3 were ligated together and cloned into pFastBac-1 (Life Technol- 
ogies, Inc.), digested with Bam HI and Eco RI, to give the expression 
construct pFBSIV-Hisl . Constructs were also made to express SIV 
gpl60e variants with ddeuons of segments VI, V2, and V3; of VI and 
V2 only; or of V3 only. pFBSIV-HUl was amplified by PCR with primers 
BC-2 and BC-32 (5 -CCATTATGCATTGGAGCAGGTCACTGTAACAC- 
TTCT ATT AT-3 ), which replaces V 1 and V2 segments with a short 
linker GAG. The PCR product was digested with Nsi I and 
purified, and inserted into pFBSIV-Hisl, which was digested with 
and Nco I to generate pFBSIV VI V2-Hisl. pFBSIV V3-His3 was con- 
structed by overlapping PCR. pBacSIV-5 was amplified with primers 
BC-1 and BC-43 (5 -ACACCAACCKKTCCTCTACATTTCATTGTTA- 
GATT-3 ) and primers BC- 1 8 (5 -TTGTATATACTTT ATCCAAG AAGC- 
AAG-3 ) and BC-42 (5 -TGTAGAGGAGCAGGTTGGTGTTGGTTTGG- 
AGGAAAT-3 ) to produce two overlapped 892 -bp and 1.0-lcb fragments, 
respectively. These two fragments were gd-purificd, mixed, and ream- 
plified with primers BC-1 and BC-1 8 to give a 1 .9-kb fragment in which 
the V3 segment was replaced with GAG linker. This fragment was then 
digested with Nsi land Nco I and cloned into pFBSrV-Hisl, which was 
also digested with Nsi land Nco I to generate pFBSIV V3-His3. 

To construct pFBSIV VI V2V3-Hisl. pFBSIV V3-His3 was used as 
a template to produce a 1.4-kb PCR fragment with primers BC-2 and 
BC-32 to replace VI and V2 segments with a GAG. The PCR product 
was digested with Nsi 1 and Nco I, gel-purified, and inserted into pFB- 

SIV-Hisl , which was digested with Nsi land Nco I 

pFBSIV VI V2V3-Hist. pFBSIV VI V2 and pFBSIV VI V2V3 were 
also made to express gpl60e variants without lusucltnc tags. pBacSIV-5 
was used as a template for PCR with primers BC-2 and BC-10. The PCR 
product was then digested with Nco 1 and Eco RL gd-purificd, and 

inserted into Nco 1- and Eco Rl-digested pFBSIV V3-His3 and 

pFBSIV VI V2V3-Hisl. respectively, to yield pFBSIV VI V2 and 
pFBSIV VIV2V3. 

Both restriction digestion and DNA sequencing verified all of the 
expression constructs. 

Recombinant baculovirus was generated according to the manufac- 
turer's protocol and amplified in Sf9 insect cells in TNM-FH medium 
(Sigma). Expression of SIV gpl60e was confirmed by a Western blot 
using sheep anuscra against SIV envelope grvcoprottrn. The optimal 
amount of virus and postinfection harvest time was determined by 

small scale tests in 1 OO-ml spinner Casks. Infected Trichophisia ni 

(Ki-5) cells were found to secrete significanijy more SIV gp 1 60c than 
Sf9 cells,judging by Western blot For large scale protem production, 10 
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lated mAb KK41 for pNE59 V1V2 by enzyme- linked immunosorbent 
assay*. 

SlVgpl60e Expression in Insect Cells- pFBSIV-Hisl was con- 

structed to express SIV gp 160c in insect cells using the Bac-to-Bac 
expression system (Life Technologies. Inc.). The pSIV-M was amplified 
by PCR using primers BC- 1 (J -CGCGGATCCGACTCAATATGTCA- 
CAGTCTTTTAT-3 ) and BC-2 (5 -GGCCGAATTCTATATCCAAGAAG- 
CAAGG-3 ) to produce a DNA fragment encompassing the complete SIV 



1 M. Kim. B. Chen, R. E. Hussey, V, Chishti. D, Momefiori J. A. 
Hoxie. D. C Wiley. S. C Harrison and E L Reinherz. manuscript in 
preparation. 



titers of T.ni (Hi-5) cells (2 10 • cells/ml) in Ex-Cell 405 medium (JRH 

Biosciences) were infected at a multiplicity of infection of 2.5. 3 days 
after infection, the supernatant was harvested by ccntriftigation and 
concentrated to I liter in a tangential Qow filtration system. Pro Flux M 
12(MilliporeCorp.). 

Purification qfS}Vgpl60e- The CHO Lec3.2.8. 1 supernatants con- 

taining secreted SIV gp!60c were harvested by centrifugation or by 
filtration through a Coming filter (0,22 mm). SIV gpldOe was purified 

by an imrmmPa f^iTy Chromatography n^ing a mAh 17A1 1 1 affinity 

column (5-mi bed volume), where the monoclonal antibody I7AI1 was 

1 J. A. Hoxicunpublished results. 
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cross-linked at 5 mg/ml to OammaBind Plus Sepharosc (Amersham 

Pharmacia Biotech) with dimethyl pimdimidatc (Pierce). The saperna- 

tams were passed through the column with a Qow rate of about 0.5 

rnl/rnia After extensive washing with PBS, the protein was then cluted 

with 1 00 m u glycine (pH 3 .0), followed by immediate neutralization 

with 2 m Tris-HCl (pH S.0). The fractions were analyzed by SDS-PAGE 

The fractions containing SIV gpl60e were pooled, concentrated, and 

further purified by gel filtration chromatography on Superdex 200 or 

Supcrose 6 (Amersham Pharmacia Biotech) with a buffer containing 25 

niM Tris-HdfpH 8.0) and 150m u NaCl. SIV gpl60e(VlV2) and 

gp!60e (VI V2V3) proteins were purified following the same procedure. 

SIV gp!60e expressed from insect cells was purified by metal chelate 
affinity chromatography with Pro Bond resin (Invitrogen). Concentrated 
insect cell culture supcmalams were immediately changed into 1 

column buffer (25 m m sodium phosphate (pH 8. OX 250 m h Nad) in a 

Pro Flux M 12 Qow filtration system to remove small molecules in the 

medium that interfere with the binding of His-tagged SIV gpl60e to the 

nickel column. After centrifugation at 5000 rpm in a J A- 14 rotor (Beck* 

man) for 15 min to remove insoluble materials, imidazole was added to 

the final concentration of 15 m m to reduce nonspecific binding lo the 

resin. Batch binding was then performed at 4 °C for 3 h. After the 

column was packed (about 5-ml bod volume), the beads were washed by 

100 ml of 1 column buffer containing 15 m u imidazole, followed by 

further washing with 50 ml of 40 m m imidazole in 1 column buffer. 

The protein was eluted with 300 m m imidazole in 1 column buffer. The 

fractions were analyzed by SDS-PAGE The fractions containing SIV 
gp 1 60c were pooled, concentrated, and further purified by gel filtration 
chromatography on Superdex 200 or Supcrose 6 {Amersham Pharmacia 

Biotech) with a buffer containing 25 m m Tris-HG and 1 50 m u Nad 

SIV gpl 60c (V 1 V2) and gp 1 60c (V 1 V2 V3) proteins were purified fol- 
lowing the same procedure. 

N -terminal analyses of purified proteins were carried out by the 
HHM1 biopolymer facility. 

Chemical Cross-linking and Analytical Ultracentrifugation- For 
chemical cross-linking experiments, SIV gpl60e protein was diaryzed 
extensively against PBS. In 20- 1 reactions, SIV gpl60e (1 mg/ml) was 

incubated with ethylene glycol bis(succtnimidytsitccinate) (EGS; Pierce) 

at concentrations of 0.06, 0. 1 8, 0.55, 1.67, and 5 m m respectively, on ice 

for 30 min. The reactions were then quenched by adding 5 1 of 100 m i 

Tris-gtycine (pH 7.0) and incubated at room temperature for 45 min. 

The cross-linked products were analyzed by SDS-PAGE. Cross- linked 

phosphorylase b (Sigma) was used as an SDS-PAGE molecular weight 

standard. 

Analytical ultracentrifugation was performed on a Bcckman XL-A 
analytical ultracemrifuge at 4 *C Experiments were performed at con- 
centrations of 1.6 m,3.3 m .and 6.5 u protein and centrifuged at a 
rotor speed of 6000 rpm. Data were fitted to a single-species model. The 
protein partial specific volume and solvent density were calculated 
according to Laue etal (49). Briefly, all grycans in gpl60e from CHO- 
Lec3.2.8.1 cells were found to be (GlcN Ac) 3 (Man) m by mass spectros- 
copy using previously described methods (45). and assuming that all 25 
potential grycosyUtion sites are occupied, the partial specific volume of 
gpl60e was calculated to be 0.70 ml/g. 

Binding ofgpIGOe to CD4 and Antibody Fab Fragments- Four -do- 

main sCD4 expressed from CHO cells, aramty-purified, and sized by 
Superdex 75 gel filtration was kjndJy provided by Dr. Yi Xiong. Mono- 



F to .1. ConstrucU for expression of the ectodomaln, gp!60t, of 
the SIV envelope glycoprotein in mammalian and insect cdls. 
Schematic representations for the expression constructs, pS!V-M (44), 
pNESl VIV2V3, pFBSIV-Hisl, and pFBSIV VlV2V3-Hisl, are 
shown. In all cases, the pcsttraislational cleavage sites (residues 512 
and 523) between gpl 20 and gp41 have been mutated as shown to 
prevent cleavage and dissociation of gpl 20. pNESl V1V2V3 has a 
shorter tissue plasminogen activator leader sequence than pSIV-M, 
while both pFBSIV-Hisl, and pFBSIV VI V2V3-Hisl use the honeybee 
melittin( HM ) secretion signal. The cleavage sites after the leader 
sequences were cemfirmed by N-termina) sequencing of the expressed 
products and arc indicated by arrows beneath the sequences. The 

sequences where the VI, V2, and V3 segments were deleted and re- 
placed with a GAG linker (in italics ) are shown for pNES 1 VI V2V3 and 
pFBSIV VI V2V3-His 1 . The sequences where the transmembrane seg- 
ment of gp41 was truncated are also shown for ail constructs. Leader 
sequences are shown in normal type, and SIV q)160 sequences included 

in the expression constructs arc in boldface type and underlined 

quenecs not included are printed with a strike-through 
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clotul antibodies were purified from cdl supcrnatants ofbybridomas 
growing in roller bottle using a 5 -ml GammaBind Phu Sepharosc 
(Amcrsham Pharmacia Biotech) affinity column. Fab fragments were 
produced as described (45), from the neutralizing monoclonal antibodii 



1 Purified SIVgpl60e 



KK9 (46), 17A1 1 (a kind gift of J. Hoxie), and 9G3. 
was incubated at room temperature for 1 fa with C04 or Fab fragments. 
The complexes were separated from excess unbound CD4 or Fabs by a 
gel Gltraubo chromatography on Supcrose 6 (Amcrsham Pharmacia 
Biotech). Molecular weights were calculated based on a standard curve 
plotted from the etution volumes of known proteins. Peak fractions were 
verified to contain both gpl60c and CD4 or Fabs by SOS-PAGE 

Circular Dichroism Spectroscopy- CD spectra were recorded at 

25 "C using SIV gpl60c at a concentration of 0.56 mg/ml in PBS with a 
circular dkhrotsm spectrometer modd 62DS (Aviv). The molar elliptic- 
ity [ ] was monitored as the average of 1 2 scans with 0.5-nm bandwidth 
and 1 0-nm wavelength incranents from 195 to 260 run. The spectra 
were corrected with a base line obtained using buffer alone under the 
same conditions. 

Enzymatic Deglycosytaiion of SIVgpMO- Endogtycosidase H (Endo 



M. Kim and E. L Reinherz, unpublished results. 



H) digestion was carried out using 20 g of the SlVgploOe expressed in 

CHO-Lec3 2.8 1 cells and 500 unhs of Endo H (New England Bio tabs) 
for each reaction at room temperature under native and denaturing 
conditions with buffers supplied by the manufacturer. Digestion was 
then furtriaopwnized at various pH values, since tow pH may interfere 
with complex (brmation of SIV gpl60e with the Fabs thai were used to 
prevent aggregation after degrycceyUlion. Digestion was (bund to be 
complete in 30 min at 25 *C under pH 6.5. To degtycosytate the com- 
plexes of SIV gpl60e and Fab fragments, the purified SIV gpl60c was 
incubated with 17A1 1, 9G3 Fabs in PBS for at least 2 b at room 
temperature, followed by adjusting the pH to 6.5 with 100 m 
(pH 6.5). The complexes were then treated with Endo H for 4 b and 
purified by a gel filtration chromatography on Supcrose 6. The peak 
fractions were pooled, concentrated, and analyzed by SDS-PAGE in an 
8% gel. 



Expression ofSIVgpl60e in Insect andCHO Lec3.2.8J 
Cells- The ectodomain of the SIV envelope glycoprotein, 
gp 1 60e, was expressed as a secreted protein in both insect and 
CHO Lec3.2.8. 1 cells, by adding a secretion signal (leader) 
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Fkj .2. Gd filtration chromatogra- 
phy of purified SIV gp160e expressed 
from CHO-Lec3.2J.1 and used cells. 
The SIV gpl60e proteins were purified 
from supernatant of a CHO cell line that 
expresses the gpl60e by mAb 1 7A1 1 af- 
finity chromatography ( A )or from super- 
natant of insect cells infected with recom- 
binant baculoviruses expressing gp!60e 
by metal chelate affinity chromatography 
( B ). The purified proteins were then re- 
solved by gel filtration chromatography 
using a Supcrose 6 column. Molecular 
masses were calculated based on a stand- 
ard curve plotted using known proteins, 
which include thyroglobulin (669 kDa), 
ferritin (440 kDa), calalase (232 kDa), al- 
dolase ( 1 58 kDa), and bovine serum albu- 
min (67 kDa). Peak fractions were pooled 
and analyzed by SDS-PAGE ( inset ). Sim- 
ilar experiments using an analytical Su- 
pcrdex 200 column gave the same results 
(not shown). 



sequence 5 to the coding region and tenrtinating the gene just 
5 to the trartsmernbrane anchor sequence in gp4l (Fig. I). Two 
basic residues at the primary (Lys-523) cleavage site and a 
secondary (Arg-5 12) cleavage site between gpl20 and gp4 1 
were replaced by glutamic acids, as described previously (44), 
to prevent cleavage of the gpl60c precursor and to avoid shed- 
ding of gpl20 that had been observed in native constructs. 
Variants were also expressed with only the VI and V2 seg- 
ments deleted (not shown) or with the V 1 , V2, and V3 segments 
deleted (Fig. 1). Such deletion variants of HIV- 1 gpl20 have 
been shown to retain CD4 binding activity ( 1 , 38-40). 

SIV gpl60e molecules were secreted into the culture media 
at levels of 0.5-1 mg/liter from Hi-5 insect cells and 2-4 mg/ 
liter from CHO Lec3.2.8. 1 cells. 

Purification and Size Determination by Gel Filtration Chro- 
matography- SI V gp 1 60e secreted from CHO Lec3 .2.8.1 cells 
was purified from culture fluid by immunoaffinity chromatog- 
raphy using the monoclonal antibody 17A 1 1 (a gift from J. 
Hoxie). The protein was eluted from the affinity column by tow 
pH (3.0) and immediately neutralized. Peak fractions were 
concentrated and further purified by gel filtration chromatog- 
raphy. The purified gpl60e eluted from the sizing column (Su- 
pcrose 6) with an apparent molecular weight of approximately 
440,000, when compared with standard proteins (Fig. 2 
relatively sharp get filtration profile suggests that the molecule 



A).Tht 



with standard proteins (Fig. 2 B ). The relatively sharp gel fil- 

tration profile again suggests that the molecule is reasonably 
monodisperse. Polydispersity of this sample was also approxi- 
mately 20%, as measured by dynamic tight scattering. Analysis 
by SDS-PAGE showing a single prominent protein band at an 
apparent molecular weight of approximately 120,000 indicates 
a high level of purity (Fig. 2 B ). Again, the ratio of the monomer 

molecular weight to the apparent molecular weight of the se- 
creted molecular species indicates that the molecule is an 
oligomer. 

CD spectra of SIV gpl60e recorded at 25 °C indicate that the 
protein is folded and contains a mixture of secondary struc- 
tures (Fig. 3). 

Evidence from Chemical Cross-linking and Analytical Ultra- 
centrifugation That gpI60e Is Trimeric- The oligomeric struc- 

ture of the soluble ectodomain of SIV gp 1 60e was examined by 
both chemical cross-linking and sedimentation equilibrium by 
analytical ultracentrifugation. Purified SIV gp!60e (1 mg/ml) 
was incubated for 30 min with the cross-linking reagent EGS at 
a series of EGS concentrations from 0.06 to 5 m m . The reaction 

products were analyzed by SDS-PAGE (Fig. 4 A ). At the lowest 

concentration of cross-linker, three protein bands are evident, 
migrating at apparent molecular weights corresponding to one, 
two, and three gp!60e polypeptide chains (see legend to Fig. 
4 A ). As the concentration of cross-linking reagent is increased, 
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is reasonably monodispcrse. Poh/dispersity is approximatety 
20% measured by dynamic light scattering. Analysis by SDS- 
PAGE showing a single protein band at an apparent molecular 
weight of approximately 1 20,000 indicates a high level of purity 
(Fig. 2 A), The gpl60e monomer molecular weight from SDS- 
PAGE (120,000) is between one-third and one-fourth of the 
gpl60e oligomer apparent molecular weight (440,000) meas- 
ured by gel filtration chromatography, indicating that the sol- 
uble gp)60e molecule is oligomeric. 

SIV gpl 60e secreted from Hi-5 insect cells had been ex- 
pressed with a C-tenrrinal hexahistidine tag. This gpl60e was 
purified from cell culture fluid by metal chelate chromatogra- 
phy on a nickel resin. The protein was eluted with buffer 
containing 300 m m imidazole, concentrated, and further puri- 

fied by gel filtration chromatography. The purified gpl 60c 
eluted from the sizing column (Superose 6) with an apparent 
molecular weight of approximately 440,000 when compared 

5 A. Dessen, W Weissenhorn. J. Skehd and D. Wiley, unpublished 



the apparent trtmer band increasingly dominates. Some faint 
higher molecular weight bands are observed at higher cross- 
linker concentrations, but their mobility is too low to represent 
tetramers, and they presumably represent minor intcTtrimer 
cross-linking at high cross-linker concentrations. 

The molecular weight of the soluble ectodomain of SIV 
gpl60e was measured by sedimentation equilibrium. Measure- 
ments were made at three protein concentrations and one rotor 
speed. The results from one experiment are shown in Fig. 4 
No systematic deviations were found from a single-species 
model at the concentrations studied. The partial specific vol- 
ume of gpl 60e, required for the buoyancy correction, was cal- 
culated from the amino acid composition and the carbohydrate 
content (see "Experimental Procedures") (49). The resulting 
measured molecular weight of SIV gpl60e of 340,000 is almost 
exactly 3 times the monomer molecular weight calculated 
( 1 10,000) from the sequence and carbohydrate content or esti- 
mated by SDS-PAGE (120,000). 

Complexes of gpJ60e with CD4 and Fab Fragments of Neu- 
tralizing Monoclonal Antibodies- The purified, soluble ectodo- 
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Fn .3. CD spectrum of SIV gpl60e. CD spectra were recorded at 

25 °C with a protein cotccntration ofO.56 mg/mi in PBS. The spectra 
were corrected with base-line spectra recorded from buffer alone under 
the same conditions. 



main of the HIV-1 receptor human CD4 (4-domain CD4), ex- 
pressed as a secreted protein in CHO cells, was incubated with 
purified SIV gpl60e to determine its receptor binding activity. 
Excess CD4 was removed from the gpl60e-CD4 complex by gel 
filtration chromatography (Fig. 5). Analysis of the peak frac- 
tions from the gel filtration column by SDS-PAGE indicates 
that the pure gpl60e binds CD4 (Fig. 5). 

SIV gpl60c binds 13 mAbs raised against SIV gpl 60 or 
against SIV-infected cells (mAb I7A1 1); the mAbs have been 
mapped to various epitopes: VI, V2, V3, and V4 on gpl 20 and 
others on gp4 1 . 1 Complexes of SIV gpt 60e with Fab fragments 
from either of the neutralizing mAbs KK9 (which recognizes 
the V3 and V4 segments of gpl 20) or 9G3 (which recognizes 
gp41) were prepared by incubating gpl60e with a molar excess 
of the Fab and removing the excess Fab by gel filtration chro- 
matography. Analysis of the peak fractions from the gel filtra- 
tion column indicated that both Fabs bind the gpl60e molecule. 
The change in apparent molecular weight estimated from the 
etution volume of molecular weight standards is approximately 
1 50,000, suggesting that more than one and probably three Fab 
fragments bind per gp 1 60e oligomer (Fig. 6). 

Complexes of gpI60e (VI V2 VI) with Fab Fragments of Neu- 

tralizing Monoclonal Antibodies- A SIV gpl60c variant, 



Fn .4. Chemical cross-linking ind analytical ottraceotiifnga- 
Uoa Indicate that SIV gpl60c b trimertc A . SIV gpl 60c proton 

was cross-linked at various concentrations ofEGS (ethylene glycol 
bis(succtniintdytsuccaiaie)) as indicated by numbers about the lanes. 
The cross-linked products were analyzed by SDS-PAGE in a 3.5% gel. 
The molecular weight standard for SDS-PAGE was cross-linked phos- 
pharylasc 6 (Sigma), which includes monomer (97 LDa), dimer (194 
kDa), trim*? (292 kDa), tetramer (389 kDa), pentamer (4S7 kDa), and 
bexamer (584 kDa) species. Tbc molecular masses of inonomer, dimer, 
and Stater bands (Fig. 4 A )ofSIVgpl60cwCTcdetmnined fromaplot 

of the logarithm of molecular mass of the standards against relative 

mobility (not shown) The bands marked monomer .dimer , and Oil 

the 0.06 m u EGS lane are apparently 123 kDa, 234 kDa (246 calculat- 
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gpI60e (V1V2V3), which has the VI, V2, and V3 segments 
deleted, also formed complexes with Fab fragments from neu- 
tralizing mAbs. The Fab complexes with gpl60e (V 1 V2V3) 
were purified from the excess Fabs by gel filtration chromatog- 
raphy (Fig. 7). Similar complexes ofgpl60e (VI V2) with Fabs 
have been purified (data not shown). 

Deglycosylation ofSlVgp}60e Expressed in CHO-Lec3. 2.8.1 
Cells- Endo H digestion at room temperature under native and 
denaturing conditions was used to remove sugar residues from 
S1V gpl60c. Digestion was complete in 30 min at 25 °C, pH 5.5, 
as judged by the similar increase in mobility on SDS-PAGE of 
gpl60e samples degtycosylated under native and denaturing 
conditions (Fig. 8 A). Deglycosylated SIV gpl60c was insoluble. 

To prepare soluble, deglycosylated SIV gpl60c required that 
complexes of SIV gpl60e and Fab fragments (17A1 1 or 9G3) be 
incubated with endoglycosidase H for 4 h. This treatment 
yielded the same level of degh/scolation as digestion of free 
gp!60e or denatured gpl60e, as judged by mobility of the 
digested gpl60e on SDS-PAGE (data not shown). The resulting 
deglycosylated gpl60e-Fab complexes were soluble and mono- 
disperse. These complexes were purified from the excess, un- 
bound Fab by gel filtration chromatography (Fig. 8 



ed), and 346 kDa (369 calculated), respectively. B , analytical uhracen- 

trifugalion was performed on a Bcckman XI^A analytical iittraccntri- 

fiige at 4 °C The data shown were collected with the protein a 

concentration ofl .6 m and rotor speed of 6000 rpm. Data sets were 

fitted to a single species model, and protein partial specific volume and 

solved density were calculated according to Lauc eta!, (49). Then 

lecolar mass determined is 340 kDa. 



We have prepared a soluble oligomer of the envelope glyco- 
protein of SIV in the single chain, precursor state before cleav- 
age into gpl20/gp41, in an attempt to capture the native con- 
formation of the envelope glycoprotein before CD4 receptor 
binding. The expression systems and purification developed 
provide biochemical quantities of pure protein for use in the 
study of the functions and structure of the glycoprotein. Fol- 
lowing Rhodes and colleagues (44), we have used the tissue 
plasminogen activator leader sequence to induce secretion of 
the glycoprotein oligomer from mammalian cells, but we have 
used a variant cell line, CHO-Lec3.2.8.1 (50), which 
lates with only a single, simple oligosaccharide, to reduce het- 
erogeneity in the product and to permit full enzymatic degly- 
cosylation by Endo H. This strategy was previously shown to 
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F« .5. Purification of a CD4 and SIV gp 160c complex by a gd 
filtration chromatography. Purified SIV gp 1 60e was incubated with 

four-domain soluble CD4 from CHO cells (kindly provided by Dr. Yi 
Xiong). The complexes were separated from excess unbound CD4 by a 
gel filtration chromatography on a Super dex 200 column The peak 
fractions were pooled, concentrated, and analyzed by SDS-PAGE in an 
8% gel. Lane I , peak ehited at 10ml; lane 2 , peak ehned at 14.5 ml. 



Fh .7. Purification of complex of an SrVgpl60e deletion vari- 
ants with VI, V2, and V3 segments deleted, gpl60e (VI V2V3), 
and Fab fragments. Purified SIV gp)60e (V1V2V3) expressed from 
pFBSIV VI V2V3-His1 was incubated with Fab fragment generated by 
papain digestion of the neutralizing monoclonal antibody 1 7A1 1 (a gift 
from J. Hoxie), which recognizes an epitope on gpl20. The complex was 
separated from excess unbound Fabs by a gel filtration chromatography 
on a Superose 6 column. The peak fractions were pooled, concentrated, 

and analyzed by SDS-PAGE in an 8% gel. Lane} , peak ehited at 14 ml; 

lane 2 , peak ehited at 1 8 ml. 



forrning complexes with Fab fragments from neutralizing 
mAbs (Fig. SB). 

We have also expressed the molecule in insect cells, using the 
honeybee melittin leader sequence to induce secretion. Both 
molecules purified from the culture fluids of mammalian and 
insect cells appear to be in a native conformation judging from 
their abilities to bind the soluble ectodomain of the viral recep- 
tor CD4 (Fig. 5; not shown for insect cells) and to be recognized 
by a number of conformational ty sensitive neutralizing mono- 
clonal amis era 1 (Fig. 6). The gpl60e from mammalian cells was 
purified by irnrnimoaffinity chromatography requiring a low 
pH elution step, while a hexahistidine tag on the gpl60e from 
insect cells permitted purification by metal chelation chroma- 
tography. Both methods produced proteins with the same prop- 
erties, suggesting that the purified protein has a single confor- 
mation that is robust to such treatments. 

Following Rhodes and colleagues (44), we eliminated the 
primary and secondary cleavage sites between the gp 120 and 
gp4 1 segments by replacing two basic residues with glutamic 
acids. In experiments with SIV gpl60e molecules produced in 
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F« .6. Po dilation of complexes of SIV gpl 60* with Fab frag- 
ment j derived from neutralizing monoclonal antibodies by gel 
attrition chromatography. Purified SIV gp!60e was incubated with 

Fab fragments (as shown 9G3 in A , KK9 in B ) generated by papain 

digestion from either (he KKS- (46) or 9G3 1 -neutralizing mAb, which 

recognize epitopes on gpl 20 and gp41, respectively. The complexes were 
separated from excess unbound Fabs by gel filtration chromatography 
on a Supcrose 6 column. The apparent molecular mass was calculated 
based on a standard curve plotted using the elution times of known 
proteins. The peak fractions were pooled, concentrated, and analyzed by 

SDS-PAGE in an 8% gel. Lane! , peak cluted at 13 ml; lane! 

dutcdat 18 ml. 

work well for other heavily glycosylated surface protein (45). 
We have confirmed thai the protein purified from the culture 
fluid of the CHO cells can be completely deglycosylated by 
enzyme treatment (Fig. 8 A), and we have shown that deglyco- 

sylated oligomers can be stabilized against aggregation by 



.peak 



CHO cells without these mutations, we had observed sponta- 
neous cleavage between gp 120 and gp4 1 and some shedding of 
gpl 20 during purification. ' With the two mutations present, no 

cleavage between gpl20 and gp41 has been observed (Fig. 2, 
inset ), permitting the production of quantities of a stable oligo- 
meric ectodomain. 

The finding that the transmembrane anchor-containing sub- 
units of the lenti- and retrovirus, HIV- 1, SIV, MoMuLV, and 
HTLV-I are all trirneric (21, 51-53) and some, but not all, of the 
earlier attempts to define the oligomeric state of HIV gpl 60 
(27, 28) suggested that SIV gplfiOe was trirneric. We add evi- 
dence for a trirneric state from chemical cross-linking and from 
a direct molecular weight determination on the gpl 60e. Chem- 
ical cross-linking generates products that form three bands on 
SDS-PAGE, which migrate at apparent molecular weights that 
are 1, 2, and 3 times that of the gpl60e monomer as determined 
by SDS-PAGE ( 1 20,000) (Fig. 4 A ). This "ladder" is a direct 

indication of the presence of a Simer of gp!60e. Earlier chem- 
ical cross-linking experiments on full-length HIV gpl60 have 
been interpreted to favor trirneric or tetrameric states. The 



* A.Dessen,W. Weissenhora, J. Skebcl and D. Wiley, unpublished 
results. 
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Fkj .8. Enzymatic deglycosylatioa of SIV gpl60e and pnriflcation of a complex of degJyctmlated SIV gpl60e and Fab fragmentj 
by gel filtration chromatography. A , Endo H digestion was carried using (he SIV gpl 60e expressed in CHO-Lec3.2.8. 1 cells. 

SIVgpl60e; lane 2 , the Endo H used in this assay, lane 3 , SIV gpt60e treated with Endo H under native condition; 

Endo H under denaturing condition. B , purified SIV gpl60e was incubated with I7A11 and 9G3 Fabs generated by papain-digestkm of 17A 11 and 

9G3 monoclonal antibodies, respectively. The complexes were treated with Endo H under native conditions and purified from the excess Fabs by 
a gel filtration chromatography on a Supcrose 6 column. The peak fractions were pooled, concentrated, and analyzed by SDS-PAGE in an 8% gel. 
Lane I , untreated gpl60e control; lane 2 , peak eiuted at 12.5 ml; lane 3 , peak eluted at 1 8 ml. 



Lane I 

lane 4 , SIV gpl 60c treated with 



experiments on the pure ectodomain (Fig. 4 A ) clearly indicate a 

trimer. 

An independent method of establishing the oligomeric state 
is to measure the molecular weight of the monomer and the 
oligomer. The oligomer molecular weight was measured as 
340,000 by equilibrium sedimentation, a method that yields a 
value independent of molecular shape or hydrodynamic radius. 
The monomer molecular weight measured by mass spectrome- 
try ( 100,000) or calculated from the amino acid sequence and 
carbohydrate content (1 10,000) is almost exactly one-third of 
the oligomer molecular weight, again indicating a trirneric 
structure. The centrifugation data show no indication of a 
rnonomer-oligorner equilibrium, demonstrating that the oligo- 
meric species is stable under the conditions studied (Fig. 4 

The similarity of the sequences and functions of the SIV and 
HIV envelope glycoproteins suggest that they will have very 
similar structures. Both bind the same receptor molecules and 
undergo conformational alterations leading to mernbrane fu- 
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sion/viral entry activities. The conformations of the SIV and 
HIV-1 gp41 ectodomains, determined from molecules ex- 
pressed without the gp!20 subunit arc essentially identical (22, 
23, 51, 54-56). The sequence of SIV gpl60 is over 50% identical 
to that of HIV-2, and that of HIV-2 to HIV- 1 is about 30%. 
Molecules related at this level have very similar structures, 
which normally allow structure/function insights to be drawn 
from one to the next. 

The availability of methods to produce and purify mg quan- 
tities of SIV gpl60e should improve the possibilities for deter- 
mining the structure of the precursor state of a lentivirus 
envelope glycoprotein closely related to HIV. The only struc- 
ture of a precursor viral glycoprotein currently known is that of 
HAO of influenza virus (57). In that case, only 19 residues in the 
vicinity of the cleavage site differ in structure between the 
precursor and the cleaved (HA1/HA2) structure. It remains to 
be seen whether the structure of gp!60e will resemble as 
closely that of proteoryticalry processed gpl20-gp41 complex. 



We thank Margaret Pietras for excellent techni- 
t. Dr. K. Kent and C Arnold (formerly of the NIBSC in 
United Kingdom) for provision of the monoclonal antibody reagents, 
and J. Hoxie (University of Pennsylvania) for providing monoclone 
antibodies, and we acknowledge earlier contributions in our laboratory 
by Drs. Andrea Dessen and Wtnfried Weissenhom to the study of SI V 
gp!60c. 
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Dr Rod Daniels team: 

• Variation in HIV eny-qenes and their 
encoded proteins : studies on the 
structural, functional, biochemical and 
immunologic properties of the 
glycoproteins 

• Influenza studies 

Variation in HIV env-genes and 
their encoded proteins: studies 
on the structural, functional, 
biochemical and immunologic 
properties of the glycoproteins 

HIV is the etiological agent of AIDS and in 
common with other retroviruses a high 
degree of variation exists between strains. 
This variation is particularly high in the 
env-gene and its product, a highly 
glycosylated protein (gp160) which is 
subsequently processed to gp120 and 
gp41. These proteins play major roles in the 
infectious cycle due to receptor binding and 
membrane fusion activities and are a major 
target for all arms of the host immune 
system. Our work is concentrated on 
env-gene products with the aim of 
understanding the mechanisms of the 
above functions. To achieve these 
objectives our work is focused in three main 
areas: 

l3lB^mncefandisuii^eil!^nc< 
lies 



By working with well documented cases of 
HIV infection we are attempting to relate 
env-gene variation to the biology of the 
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development of AIDS. To assist in this 
numerous collaborations have been 
established to supply the required clinical 
samples in terms of, e.g. vertical 
transmission, rate of disease progression, 
tropism for particular cell types. An efficient 
system for the PGR rescue of env-genes 
and assessment of their expression 
competence, prior to sequencing, has been 
established. The glycoprotein translation 
products are analysed using the 
Programme "Variate", written by the NIMR 
HIV group, together with commercial 
packages to identify amino acid 
substitutions which may be relevant to the 
biology of the disease. Such analyses have 
enabled us to identify signature patterns in 
the glycoprotein of HIV-1 subtype B strains 
spreading in the population of the Republic 
of Korea (ROK). To assess the functionality 
of such glycoproteins, receptor-binding and 
fusion assays have been developed and an 
infectious molecular clone env-gene 
cassetting system developed to allow study 
of glycoprotein function within a constant 
HIV-1 genetic background. 




Click to view full-size image 



Figure 1 : £nv-gene Phylogeny of 
HIV-1 subtype B strains circulating 
in the ROK 

80% of HIV infections in the ROK are 
caused by HIV-1 subtype B and of these 
80% fall within a distinct subclade 
compared to other subtype B viruses 
circulating in other countries. Sequences 
recovered from Korean patients are 
highlighted in yellow and those within the 
distinct subclade are indicated by the red 
enclosure. 



2^ Glycoprotein structural ancj 
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Our main priority is to produce and 
characterise glycoprotein suitable for 
crystallographic analysis. Using the 
CHO-pEE14tpa expression system with 
env-genes derived from our reference and 
surveillance studies we have produced 
gp120s that form small crystals but, to date, 
these have not diffracted well. The high 
degree of glycosylation (50% by weight) is 
considered to be a major factor in the poor 
diffraction. This is being addressed by 
partial/complete enzymatic deglycosylation. 
Recently we have shifted focus to the 
expression of soluble forms of gp140 which 
have elements built into them that should 
enhance stability of trimer formation. These 
are being expressed in the CHO-Lec cell 
line which is defective in oligosaccharide 
maturation thereby making removal of 
carbohydrate easier. Information and 
reagents generated are relevant to the 
design and formulation of vaccines, 
prophylactic and therapeutic, and anti-HIV 
drugs directed against glycoprotein 
functions. 




Click to view full-size image 
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Figure 2: 

Oligomeric state of HIV-1 
glycoprotein (gp140) analysed by 
gel filtration chromatography 

Lane 1 shows start material, thereafter 
fractions from gel filtration are run. Whilst 
the gp140 sample contains some trimeric 
material (>440kD: <14ml elution volume) 
addition of the Fibritin 'foldon' domain 
results in the majority of the gp140-Fib 
sample being trimeric. 




Macrophage-tropic HIV strains play a major 
role in virus transmission but established 
systems for virus isolation, human cell-lines 
and cytokine-activated peripheral blood 
mononuclear cells (PBMC), often do not 
support replication of such strains or they 
are produced at very low virus titre. We 
have established that Herpesvirus saimiri 
transformed human T-cells (HVS T-cells) 
support high-titred replication of HIV-1 and 
-2, give higher titres of macrophage-tropic 
viruses than the other two systems and give 
efficient rescue of viruses from patients 
enrolled in a long-term non-progressor 
cohort. The HVS T-cells are suitable for use 
in neutralisation assays and their stability 
compared to PBMC preparations should 
allow better standardisation of such assays. 
These will be important in assessing the 
efficiency of new vaccine constructs based 
on virus-like particles (VLPs) being 
developed in collaboration with members of 
an MRC Co-operative. 

Overall, the above approaches integrate to 
provide a thorough study of HIV 
glycoproteins. 

Publication^ 

Douglas, N.W., Munro, G.H. & Daniels, 
R.S. (1997) 

HIV/SIV glycoproteins: Structure-function 



4 of 7 



4/28/03 12:04 PM 



NIMR- 



Division of Virology - Daniels team 



http://www.nimr.mrc.ac.uk/virology/rdaniel/ 



relationships. 

J. Mol. Biol., 273, 122-149. 

Vella, C, Gregory, J., Bristow, R., Troop, 
M., Easterbrook, P., Zh ng, N. & Dani Is, 

R.(1999) 

Isolation of HIV Type 1 from Long-Term 

Nonprogressors in Herpesvirus 

sa/m/r/-lmmortalized T Cells. 

AIDS Research & Human Retroviruses, 15, 

1145-1147. 

Vella, C, King, D., Zheng, N. N., 
Fickenscher, H., Breuer, J. & Daniels, R. 

S. (1999) 

Alterations in the V1 A/2 domain of 

'~"V~2cbL24 9'y co P rote i n 105 correlate with 

an extended cell tropism. 

AIDS Research & Human Retroviruses, 15, 

1399-1402. 

Zheng, N.N. & Daniels, R.S. (2001). 

Maintenance of glycoprotein-determined 

phenotype in an HIV type 1 (pNL43) 

env-gene-cassetting system. 

AIDS Research & Human Retroviruses, 17, 

1501-1506. 

Novelli, P., Vella, C, Oxford, J. & Daniels, 
R.S. (2002). 

Construction and characterization of a 

full-length HIV " 1 g2UG001 subt yP e D 

infectious molecular clone. 

AIDS Research & Human Retroviruses, 18, 

85-88. 

Vella, C, Zheng, N.N., Easterbrook, P. & 

Daniels, R.S. (2002). 

Herpesvirus saimiri immortalised human 

lymphocytes: novel hosts for analysing 

HIV-1 in vitro neutralisation. 

AIDS Research & Human Retroviruses, 18, 

933-946. 



Influenza studies 

Contributions have been made to the 
understanding of interactions between 
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neutralising monoclonal antibodies and 
influenza haemagglutinin. In addition, 
sensitive RT-PCR techniques, developed 
for the study of HIV, are being adapted to 
allow identification/characterisation of the 
causative agent of the 1918 influenza 
pandemic and viruses circulating in the 
human population pre-1933. Formalin-fixed 
paraffin-embedded tissue sections and 
tissues recovered from burials in permafrost 
provide the sources of influenza RNA for 
these studies. The same techniques have 
been used to study the tissue distribution of 
A/Puerto Rico/1/34 (H1N1) and B/Lee/1/40 
viruses in a murine model of Reye's 
syndrome. 

Fleury, D., Barrere, B., Bizebard, T., 
Daniels, R. S., Skehel, J. J. & Knossow, 

M. (1999) 

A complex of influenza hemagglutinin with a 
neutralising antibody that binds at a 
distance from the virus-receptor binding 
site. 

Nature Struct Biol., 6, 530-534. 

Fleury, D., Daniels, R.S., Skehel, J.J., 
Knossow, M. & Bizebard, T. (2000). 
Structural evidence for recognition of a 
single epitope by two distinct antibodies. 
Proteins: Structure, Function & Genetics, 
40, 572-578. 

Davis, L.E., Kornfeld, M., Daniels, R.S. & 
Skehel, J.J. (2000). 
Experimental influenza causes a 
non-permissive viral infection of brain, liver 
and muscle. 

Journal of NeuroVirology, 6, 529-536. 

Oxford, J.S., Sefton, A., Jackson, R., 
Innes, W., Daniels, R.S. & Johnson, N.P. 

(2002). 

World War I may have allowed the 
emergence of "Spanish" influenza. 
Lancet Infect D/s., 2, 1 1 1-1 14. 
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ff HIV Vaccines—Where Are We Going? 99 

Nature Medicine-Vaccine Supplement (05/98) Vol 4, No. 5, P. 532; Heilman, Carole A.; Baltimore, 

David 

In a vaccine supplement to Nature Medicine, Carole A. Heilman-- of the National 
Institutes of Allergy and Infectious Diseases-and David Baltimore-head of the 
California Institute of Technology— review current HIV vaccine technology and 
progress. HIV vaccine research focuses primarily on two systems: the humoral 
immune system and cellular immune response. The surface protein Env— a 
processed, mature trimer which is comprised of gpl60 co-proteins, which are 
cleaved into gpl20 and gp41 proteins— has become the main target of 
antibody-based vaccine candidates. Research has centered on eliciting high 
affinity, broadly reactive antibodies that can contain the virus. Some vaccine 
studies aim to design candidates which increases cellular immunity through the 
development of cytotoxic T lymphocytes (CTLs) against HIV encoded proteins. 
Scientists will soon begin trials in Uganda to determine if individuals from 
different genetic backgrounds who are exposed to viruses of different clades will 
recognize CTL epitopes in a vaccine candidate for a given clade. Another vaccine 
design approach has been the creation of a live, attenuated HIV vaccine. This 
method has been successful in the development of vaccines against other viruses 
and in some animal models, but concerns exist about a possible reversion of the 
virus causing disease. Scientists are also exploring the possibility of creating a 
vaccine which combines the humoral and cellular responses. This "prime-boost 
strategy" appears to have an additive effect in the immune response. Finally, new 
model systems are in development which could help testing for vaccine 
candidates. A "chimera" virus, called SHIV, has been designed to allow 
HIV-based envelope vaccines to be evaluated in an SIV model. Scientists have 
also designed transgenic mice and rabbits which express human CD4 cells, 
allowing for the replication of low-levels of HIV, which could serve as a new 
animal model. 
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